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Introduction: Assuring MRI scanner stability and data reproducibility for quantitative magnetic resonance imaging (qMRI) clinical neuroscience applications is 
essential to warrant the reliability of MRI metrics as surrogate markers. Serial MRI data are commonly collected on the same subjects to monitor the effects of therapy 
or the interplay between healthy development or aging and pathology and to assure scanner stability. In general qMRI metrics of the human brain such as relaxation 
time and mean diffusivity are region, side and age-dependent. In particular, the child developing brain undergoes changes in both deep and cortical gray and white 
matter as a result of neuronal pruning, myelination, and iron accumulation [1]. Compared to contradictory and amble volumetric reports on the developing child brain, 
there has been no comprehensive account of the application of brain atlas-based methods to map the regional tissue relaxation. In this work, we present for the first time 
a T2 relaxation vs. age atlas of the developing child brain. We have also compared the relaxation times between the right and left hemispheres as an additional data 
quality control measure. Given several previous reports on the accumulation of non-heme iron in deep subcortical and cortical gray matter (GM) structures [1] as 
reflected by the decrease in T2 relaxation time [2-5], we hypothesized that serial monitoring of the deep gray mater T2 relaxation time would offer a reliable means to 
assess scanner stability. To minimize rater bias in regions-of-interest placement on serial data, we adopted standardized brain atlas-based volumetry methods as 
described recently [5]. 
Methods: Subjects: For cross sectional analyses, we included 72 right-handed healthy children (43 age-matched boys & 29 girls; p=0.28).  For serial analyses, a subset 
of 39 healthy children with mean age at baseline scan = 10.6 ± 2.9 years; range= 6.2-17.6 years (21 boys & 18 age-matched girls; p=0.4) were scanned serially within ~ 
2 years from the baseline scan. All MRI scans were acquired over a period of 5 years during which all MRI sequences were kept identical. Conventional MRI 
Acquisition: MRI studies were performed on a 3T Philips Intera scanner with a dual quasar gradient system and an eight channel SENSE-compatible head coil. The 
MRI protocol included a T1-weighted 3D-SPGR with isotropic voxel size = 0.9375 mm for tissue volumetry, dual fast spin echo  (DSE; TE1/TE2/TR= 11/90/6800); 
matrix = 256x256 and square field-of-view= 240 mm, slice thickness = 3 mm and 44 axial sections that matched the SPGR data set. Data Processing: All MRI data 
volumes were masked to remove non-brain tissues. The T2 transverse relaxation time (T2) and proton density (PD) maps were obtained from the DSE sequence [5]. 
Tissue volumes were obtained by the application of a recently described atlas-based volumetry and relaxometry procedure on the DSE T2-weighted data using the 
international consortium for brain mapping (ICBM) atlases [5]. To validate and compare volumetry, side, age and gender results, we have run FreeSurfer on the T1-
weighted data to obtain additional white and gray matter masks to estimate T2 values as described elsewhere [6]. All volumes (T2, PD) were registered with T1-
wighted data where regions are labeled using the FreeSurfer atlas [7]. The subcortical brain structures included the thalamus (TH), caudate nucleus (CN), putamen 
(PUT), globus pallidus (GP), hippocampus (HC), amygdala (AM) and insular (INS) gray matter. Comparisons of group-by-region and age-correlations were conducted 
using repeated measure analysis of variance. The brain atlas included additional cortical parcellations and white matter lobar and atlas-based fiber tracts [5,6]. A 
detailed account of cortical gray matter and white matter pathways are beyond the scope of this report which focused on the subcortical gray matter structures.  

Results: Regional atlas-based and volume-averaged subcortical T2 relaxation times were compared between boys and girls in both hemispheres using the cross-
sectional and serial data. The relaxation times did not significantly differ between boys and girls (p > 0.16; see Fig. 1). Note the regional T2 relaxation microstructural 
heterogeneity significant trend: T2 (GP < PUT < CN < TH < AM < HC ~ Insular GM; Fig 1). The volume-averaged T2 relaxation times were significantly rightward-
asymmetric (Right > Left; p<0.001). Figure 2 provides a visual brain atlas-based summary of the T2 relaxation mean values and their correlation with age on the entire 
population. The T2 relaxation values rapidly decreased with age (p<0.0001). As an example, Fig. 3 illustrates the rapid decrease in T2 with age (r=-0.73; p<0.0000001) 
in both hemispheres on the Putamen. For serial analyses, Figure 4 compares the average T2 values between the left and right hemispheres during the baseline scan and 
two-years after in the subcortical GM regions. Note the significant decrease in T2 relaxation time in the CN, AM and INS over the two years which confirms the cross-
sectional age-expected trend (see Fig. 3). Both FreeSurfer volume-estimated T2 values and the T2-weighted atlas methods provided identical conclusions (compare the 
trends in Fig 4.A and 4.B).      
Discussion: Using atlas-based methods [5,6], we presented a comprehensive account of T2 relaxation 
time on a large cohort of right-handed typically-developing children. We have presented cross-sectional 
and serial data in both hemispheres to investigate the sensitivity of our methods to capture side and age-
related declines in T2 relaxation as a result of biophysical changes in tissue microstructure and 
mineralization [1,2-5,8-10]. Our results on the relative regional T2 values confirm reports on adults [8-
10]. We report insignificant differences in T2 values between age-matched boys and girls, but strong 
regional heterogeneity and strong age-related decrease. Our results are the first to show that T2 relaxation 
values are strongly lateralized in the child brain subcortical gray matter structures. The lateralization of 
subcortical GM T2 values is consistent with one report using T1 relaxation times [10]. Our analysis 
demonstrates the utility of regional T2 relaxation times in assessing reproducibility of qMRI data 
collected over several years and sensitivity to capture subtle developmental changes. 
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    Fig 1: Comparisons by Gender and Side  Fig 2. Atlas-based T2 and age correlations           Fig 3.  Putamen T2 vs. age variation. 

Fig 4. Serial regional T2 values by side  
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